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Abstract: Liver and heart are anatomically and patho-
physiologically related. In heart failure (HF) the increased
right atrial pressure and volume overload cause histological
changes in hepatocytes, leading to a condition known as
“congestive hepatopathy” (CH), with consequent variations
in liver functioning and ultrasound (US) findings. CH has
specifical US findings especially regarding venous vessels
aspect, easily detecting by gray-scale study, but many others
can be distinguished by Doppler analysis. Usually, hepatic
veins look enlarged and hypocollassing, together with signs
of portal hypertension (hepatomegaly, ascites, splenomeg-
aly, porto-systemic collaterals). Typically, in CH Doppler
findings regard alterations in venous vessel flow and arterial
resistance (venous system hyperpulsatility, reduced velocity
flow, high resistance index in hepatic arterial Doppler
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spectrum). Sometimes CH and other primary hepatopathy
can coexist, and therefore some of the expected variations
may not manifest: it allows suspecting an unknown under-
lying liver disease. At last, US technologies of more recent
applications, even if not routinely used, allow investigating
additional aspects such as elastography that detects changes
in liver elasticity or contrastographic US, able to show
differences in hepatic venous opacification. However, most
of these US signs are not pathognomonic, and therefore a
multidisciplinary clinical reasoning must not be lacking. The
aim of the present review is to easily provide US signs of liver
alterations in HF, in particular right heart failure with volume
overload, suggesting including liver US in instrumental
diagnosis and therapeutic monitoring of HF.

Keywords: congestive hepatopathy; heart failure; liver;
ultrasound; volume overload.

Introduction

According to the recent guidelines of the European Society of
Cardiology (ESC) [1], heart failure (HF) is defined as a clinical
syndrome characterized by typical symptoms and signs
caused by a structural and/or functional cardiac abnormal-
ities, resulting in a reduced cardiac output, and/or elevated
intracardiac pressures at rest or during stress. Therefore,
different clinical manifestations of HF exist, and these
depend on hypoperfusion and volume overload in a variable
way [2]. Central venous pressure (CVP), invasively measured
at the vena cava near the right atrium, is dependent on both
right atrial pressure (RAP) and the volume status. Several
cardiac diseases (tricuspid regurgitation or stenosis, cardio-
myopathies, constrictive pericarditis, cor pulmonale) lead to
RAP increase; HF itself, whatever its origin, can result in RAP
and volume status elevation [3, 4]. The increased central
venous pressure is transmitted to the liver through the infe-
rior vena cava (IVC) and the intrahepatic veins (IV).

The expression “congestive HF” is sometimes used to
describe HF with evidence of fluid retention, and hepatic
congestion is often present in these patients. Thus, a com-
bination of congestive and ischemic liver injury, respectively
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due to hepatic stasis and hypoperfusion, is frequently found
in patients with HF [1, 5].

In this paper, we analyzed pathophysiological mech-
anisms that relate heart and liver in HF and examined the
main liver ultrasound findings in case of HF, in particular
in right heart failure (RHF).

Patophysiology of congestive
hepatopathy

Elevated CVP causes the dilatation of the lobular hepatic
veins and the hepatic sinusoids. Intravascular fluids
pour out into the perisinusoidal space of Disse. Phe-
nomena of local steatosic changes and atrophy occur
within the centrilobular parenchyma. Fibrosis gradually
progresses, forming bridges between hepatic veins, with
an arrangement named ‘‘reverse lobulation”. In HF, the
degree of fibrosis is positively correlated with CVP and
right heart chambers dilation [5, 6].

Other changes that can be observed are local thrombotic
events due to blood stasis, arterialized parenchymal perfu-
sion because of the impaired portal inflow, hemosiderosis
with red areas determining the characteristic appearance of
“nutmeg liver” [7], focal nodular hyperplasia, and arterial-
ized regenerative nodules with increased risk of developing
hepatocellular carcinoma [5, 8-11].

This clinical status, named congestive hepatopathy
(CH), is often asymptomatic; however, hepatomegaly and
hepatojugular reflux are often detected, and mild jaundice,
ascites and right upper quadrant pain can be present,
especially in case of fast liver expansion. Moreover,
mild hyperbilirubinemia and mildly high serum aspartate
amino transferase (AST) levels can be found, especially in
acute HF. Hepatic synthesis is typically preserved, but mild
hypoalbuminemia may be present. Cardiac ascites shows
specific characteristics as high protein content (>2.5 g/dL),
serum to ascites albumin gradient # 1.1, and elevated
lactate dehydrogenase levels and red blood cell count
[5, 12-15].

Ultrasound of congestive
hepatopathy

Gray-scale findings

Echocardiography is one of the most useful tools both

in cardiovascular that in liver diagnosis [16]. Grayscale
ultrasonography represents the first approach to the CH
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imaging study. Major findings are hepatomegaly and
venous enlargement involving IVC, IV, and portal vein
(PV). Moreover, IVC and IV usually have a reduced or lost
collapsibility during inspiration [16].

IVC diameter and collapsibility measurements are
commonly used as direct signs of the patient’s fluidic status.
The IVC is observed throughout the respiratory cycle, and its
diameter can be assessed by using either B-mode or
M-mode. Normal IVC collapsibility is >50% and it can be
measured by the collapsibility index (IVC-CI), estimating
the maximum diameter at the end of expiration (IVCe) and
the minimum at the end of inspiration (IVCi): IVC-CI=
[(IVCe - IVCi)/IVCe] x 100% [17].

The American Society of Echocardiography [18] provides
the correlation between IVC diameter and RAP: maximum
size <2.1 cm and a collapse >50% during sniff correspond to a
RAP of 0-5 mm Hg; maximum size >2.1 cm and a collapse
>50% during sniff correspond to a RAP of 5-10 mm Hg;
maximum size >2.1 and a collapse <50% during sniff corre-
spond to a RAP of 10-20 mm Hg (Figure 1).

Several studies [19-21] provide average diameter of IV at
rest and during Valsalva maneuver (Figure 2): 19.4 + 4.0 mm
at rest and 5 + 6.6 mm with the Valsalva maneuver for
intrahepatic IVC; 6.0 + 1.5 mm and 3.8 + 2.0 mm at rest and
with the Valsalva maneuver for the middle hepatic vein; 5.6—
6.2 mm at rest for the right hepatic vein, up to 8.8 mm in the
presence of HF, and 13.3 mm in the presence of HF with
pleural effusion.

When the liver damage advances, fibrosis, cirrhosis,
and portal hypertension occur. In case of advanced fibrosis
and cirrhosis, the increased parenchyma stiffness causes
deformation of the veins’ profile, which become thin and
serpiginous. Moreover, parenchymal edema or fibrosis can
determine an abnormal liver echogenicity [5, 22].

Portal hypertension occurs when values greater than
12 mmHg in the portal vein (PV) are reached, or the pressure
gradient between the PV and the hepatic veins increases
more than 4-6 mm Hg. Different pathophysiological
mechanisms can determine portal hypertension; however,
in CH the underlying mechanism is the extrahepatic post-
sinusoidal portal hypertension, due to the increased resis-
tance downstream of the hepatic parenchyma, i.e. in the
right atrium, that hinders the outflow of the IV [16].

Hepatic venous pressure gradient (HVPG) can be
directly measured by interventional radiology; however, US
is a non-invasive tool which allows to identify signs of portal
hypertension, some of which are pathognomonic (Figure 3)
[23]. In particular, by using gray-scale US it is possible to
identify the following features: dilatation of PV (>13 mm)
[24] and portal venous system vessels, porto-systemic col-
laterals and reversal of flow in the portal venous system (the
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Figure 1: Inferior vena cava (IVC) imaging: reduced IVC collapsibility in patient with HF and severe volume overload (a); normal IVC

collapsibility (>50%) during inspiration (b and c).

only two pathognomonic signs of portal hypertension), lack
of or reduced respiratory variations of splenic and superior
mesenteric vein diameter, reduced portal vein velocity,
increased congestion index of the portal vein, splenomeg-
aly, and ascites [25] (Table 1).

Ecocolordoppler and spectral velocity
variations

Variations of flow characteristics involve both venous and
arterial vessels.

Common findings are represented by marked phasicity
of IV flow till a reverse flow, and also the PV can show
increased pulsatility and phases of reverse flow and small
interruptions [16].

The normal spectral Doppler pattern of IV is a triphasic
wave pattern [19] made up of four waves, each one corre-
lated with a different phase of the cardiac cycle and the right
atrial activity: “a”, “S”, “v” and “D” (Figure 4a). The “a”
wave is a positive wave, usually the highest above the
baseline that corresponds to the end-diastolic atrial
contraction, when the maximum retrograde flow occurs.
The “S” wave, the first and the lowest negative wave,

corresponds to the anterograde flow during ventricular
systole. The “v” wave has an ascending peak, sometimes it is
positive, but always below the “a” wave, and correlates with
the opening of the tricuspid valve, the transition point be-
tween systole and diastole. Finally, the “D” wave is the last
wave, it is negative, and it corresponds to the anterograde
flow correlating with ventricular filling in the early diastole.

In HF, the increase of anterograde and retrograde
speeds determines an increased pulsatility of IV flow. In
tricuspid regurgitation high and both positive “a” and “v”
waves are observed, with a reduced “S” wave, smaller than
the “D” wave, that in severe cases can become retrograde,
forming an “a-S-v complex” (Figure 4b). Also in RHF it is
possible to observe high “a” and “v” waves, but with an
adequate ratio between maintained S and D waves [19].

PV normally has an anterograde (hepatopetal) flow and a
venous waveform resulting from cardiac activity (smoothly
undulating), with systolic speeds between 16 and 40 cm/s
and pulsatility index (PI, max — min/max PV flow velocity)
>0.5 (Figure 5a). In HF, both tricuspid insufficiency and RHF
generate an increase in pulsatility (<0.5, a lower PI indicates
greater pulsatility) in the spectral curves, transmitted through
the dilated sinusoids to the PV [5, 19] (Figure 5b).
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Figure 2: Dilated (a and b) and normal (c) sovrahepatic veins in patients with HF and severe volume overload.

Reduced velocity (<12.8 cm/s) in the portal trunk is a
typical finding in hepatic cirrhosis, and it seems to predict
decompensation in compensated cirrhosis; similarly, the
reverse portal flow seems to indicate poor prognosis in
decompensated cirrhosis [23].

Several studies have correlated portal flow pulsatility
and HF, especially with RAP. Mostly they agree in affirming
that the analysis of the PV flow can detect the elevation of
RAP and allow a quantitative estimation of it, in particular
with the pulsatility ratio that is inversely correlated with
RAP [26, 27]. Hepatic congestion, ascites and tricuspid
regurgitation seem to be associated with a higher PV pul-
satility indicating that PV pulsatility ratio reflects the level
of impairment of the right heart [27]. Overall results suggest
that portal pulsatility ratio should be a useful reliable
adjunctive sign in the evaluation process of HF, as well as
in monitoring therapeutic response to volume overload
reduction, even assessed by bedside US (Point-of-Care US),
in both chronic and acute settings [28, 29]. On the other
hand, the finding of flat PV flow wave patterns in HF
patients, together with signs of congestion, can reveal an
underlying primary liver disease [26].

The hepatic artery is characterized by having an
anterograde flow, pulsating with low-resistance spectral
waves (RI, 0.55-0.7) and maximum systolic speeds of up to

30-60 cm/s. Hepatic venous congestion causes increasing
in arterial resistance (RI>0.7) as a result of diffuse vaso-
constriction in acute settings, and of parenchymal fibrosis
in chronic cases [19] (Figure 6). Moreover, significant cor-
relations have been found between HVPG and intra-
parenchymal splenic artery resistance index, superior
mesenteric artery-pulsatility index, and right interlobar
renal artery resistance index [23, 30]. Anyway, all these
changes in the arterial and portal flow, even if unspecific
for CH, are very common in hepatic cirrhosis [19, 31].

Aforementioned spectral variations in hepatic vessels
are reported in Table 2.

Elastography

Elastography is a noninvasive method to assess tissues
stiffness that is the tendency to resist deformation derived
from an applied force, then to resume their original shape
after removal of the applied force [32]. It can be applied to the
study of the organ, or the lesions present in it, and it comes
from the palpatory evidence for which the pathological
tissues tend to be harder. Therefore, elastography represents
a virtual palpation that uses ultrasounds to understand
tissues viscoelastic properties, measuring and representing
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Figure 3: Ultrasound features of portal hypertension: dilated portal vein (PV) and ascites (a); splenomegaly (b); hepatomegaly with rounded
angle, ascites, and pleural effusion in patient with HF and volume overload (c).

them in different ways. This is possible because compressed
tissues do not change their volume, but they deform in a
longitudinal or transverse direction [33, 34].

In fact the wave force can propagate to the tissue in
two different ways: longitudinal wave with particle motion
parallel to the direction of waves propagation, or shear wave
with particle motion perpendicular to the direction of waves
propagation [32].

“Strain imaging”, the first ultrasound elastography
technique, measures tissue displacement parallel to the

Table 1: Main grayscale US findings.

applied force, using two approaches: strain elastography
(SE) and acoustic radiation force (ARFI) strain. SE exploits
manual compression from the operator, unable to reach
deeper organs, or the internal physiologic motion of the
organ (e.g. vessels pulsation, heart motion). ARFI uses an
acoustic radiation force to displace tissue perpendicular
to the surface. “Shear wave imaging” applies an external
stress using a mechanical vibrating device (transient elas-
tography, TE) or an acoustic radiation force (shear wave
elastography, SWE), generating shear waves measured

Hepatic veins Portal venous system
IVC collapsibility >50%
PV diameter < 13 mm
Normal IVC diameter < 21 mm
Preserved collapsibility
IV diameter < 10 mm Other
Hepatomegaly
. Increased diameter . i
Congestive Increased vessels diameter | Ascites
hepatopath PV>13
Patopathy | peduced collapsibility < 50% ( mm) Splenomegaly
Reduced collapsibility Porto-systemic collaterals
Liver Reduced diameter
cirrhosis Serpiginous aspect
Signs of portal hypertension




Figure 4: Spectral Doppler pattern of IV: normal triphasic wave in
sovrahepatic veins (a); a-S-v complex in patient with HF and severe
volume overload (b).

perpendicular to the acoustic radiation force application or
parallel to the transient elastography excitation [32]. SWE
includes point SWE (pSWE), two-dimensional SWE (2D-SWE)
and three-dimensional SWE (3D-SWE), which differ in
selected area (single focal location in pSWE or multiple focal

Lombardi et al.: Liver and heart failure: an ultrasound relationship
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areas in rapid succession in 2D-SWE) and in producing 2D or
3D images of the shear waves (2D-SWE vs 3D-SWE) [33].
While TE is not part of the ultrasound devices, SWE
and strain characterize elastosonography, whose principle
involves acquiring a real ultrasound image in B-mode,
allowing to observe tissue deformation through the
propagation of the US beam [34, 35]. Strain elastography
obtains a box over the b-mode image providing qualita-
tive (chromatic maps) or semi-quantitative information
(relationship between the rigidity of the lesion and the
adjacent parenchyma, “strain ratio”) [34]. SWE not only
provides a real time B-mode guide image, moreover it over-
comes the limit of methods that use external stress, affected
from high inter and intra operator variability due to the dif-
ficulty in reproducing the same manual compression with
consequent measurements that can result very subjective,
but also the internal stress, that cannot be regulated by the
operator. Furthermore, SWE provides quantitative measure-
ment of shear waves, expressed either in m/s (velocity) or kPa
(stiffness), and in addition, compared to strain elastography,
SWE works at deeper depth, it is more reproducible and
easily becomes part of the normal US examination [32, 35].
Elastography allows to assess Liver Stiffness (LS), but,
at present, without distinguishing congestion from fibrosis
[5, 36]. LS is higher in patients affected by HF, when SWE
considers values <5.9 kPa as normal [37]; moreover, it is even
higher in patients with NYHA III/IV, with prior hospitaliza-
tions and with history of HF lasting from more than 1 year.
LS decreases after HF treatment. Several works show that,
in patients with HF and without chronic liver disease, LS is
related to right-sided filling pressure and other parameters
such as the severity of HF, NYHA class, brain natriuretic
peptide (BNP), volume status, central venous pressure, liver
injury, and liver function tests [36, 38-41]. Moreover, LS
predicts clinical outcomes, including cardiac death and
rehospitalization for HF, and it identifies patients at high risk

Figure 5: Portal vein (PV) flow: normal flow (5a); PV with loss of wave-form flow and different grades of increased pulsatility, besides the

presence of pleural effusion (5b).
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Figure 6: High resistance index in hepatic artery in a patient with
multifactorial increased liver congestion.

by detecting the subclinical residual liver congestion. Its
predictive value seems to have a greater diagnostic value
than conventional indexes, mostly when used in conjunction
[38, 42].

Table 2: Spectral variations in hepatic vessels.
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Contrast-enhanced ultrasound

Ultrasound contrast agents (UCA) consist of solutions of
gaseous “blood pool” microbubbles, which simulate the
behavior of red blood cells, and therefore increase the
return signal to the probe and thus the echogenicity. UCA
are rapidly dissolved in the blood and are then eliminated
by the respiratory route, allowing a study lasting several
minutes. First generation UCA contains air, second gener-
ation UCA contains stabilized inert gases [43].

According to other radiological contrastographic tech-
niques, CH shows typical findings such as retrograde hepatic
venous opacification during the early bolus injection and a
predominantly peripheral heterogeneous pattern of hepatic
enhancement due to stagnant blood flow [44]; however,
contrast-enhanced ultrasound (CEUS) is not routinely used
in CH assessment. CEUS, through the analysis of the inter-
val time between vessels, regional hepatic perfusion, and
relations between different vessels opacification, should
allow identifying portal hypertension signs, but not pathog-
nomic patterns for CH [23].
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Triphasic pattern:

nan nan ny,n
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cirrhosis
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till reversal flow and
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Discussion

Liver congestion should be routinely assessed through
an ultrasound exam in patients with HF regardless of pre-
existing liver status. Firstly, ultrasound findings (i.e., ascites,
hepatomegaly, dilation of sovrahepatic veins) can contribute
to precisely defining patient’s congestion status, facilitating
diagnosis, stratification and, in selected cases, follow-up of
therapy. On the other hand, ultrasound signs of CH may
reveal changes in cardiac haemodynamic that always require
cardiological evaluation. However, it should be emphasised
these signs are not specific for HF and other causes of liver
disease and/or congestion and high central venous pressure
should be considered. Several studies explored the possible
prognostic value of ultrasound and elastography evaluation
in patients with HF.

A recent meta-analysis analyzed the association of
LS, as assessed by transient elastography, non-alcoholic
fatty liver disease fibrosis score and fibrosis-4 index, and
cardiovascular outcomes in hospitalized HF patients [45].
HF is a clinical syndrome which determines not only liver
congestion, but also reduced arterial flow called “hypoxic
hepatopathy”: decreased cardiac output causes celiac
hypoperfusion. In this study abdominal ultrasonography
parameters of liver hypoperfusion in patients with left-sided
had prognostic impact in HF. Yoshihisa et al. demonstrated
that intrahepatic congestion and hypoperfusion assessed by
liver shear wave elastography and celiac peak systolic ve-
locity correlate with adverse prognosis in patients with HF
[46]. Low celiac peak systolic velocity was associated with
impaired right and left systolic function (cardiac index, left
ventricular ejection fraction, tricuspid valve S’, tricuspid
annular plane systolic excursion) and high cardiac event
rate. LS measured by two-dimensional shear wave elastog-
raphy (2D-SWE) was also associated with prognosis in pa-
tients with HF with preserved ejection fraction [47],
independent of standard HF risk score, serologic marker of
liver disease and fibrosis, echocardiographic marker of
diastolic dysfunction. The prognostic value of liver stiffness
increased when combined with conventional HF risk score
or NT pro-BNP measurement [48-50].

Moreover, transient elastography should be useful to
assess residual congestion secondary to volume and pressure
overload and/or inadequate liver perfusion in hospitalized
HF patients.

According to this analysis, if further studies were car-
ried out using a standardized method, and data remained
consistent, LS should be considered a new independent
prognostic marker of cardiovascular outcomes in this
population, specially without concomitant liver diseases,
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and particularly when combined with conventional HF risk
score or NTpro-BNP measurement. Moreover, LS could be
used to stratify patients with HF and preserved ejection
fraction (HFpEF) [51].

Conclusions

HF leads to RAP elevation and fluid retention. High volume
status and right heart pressure can result in alteration of
the venous and arterial hepatic circulation with consequent
physiological and histological changes, leading to CH.
Echography, through a morphologic and hemodynamic
study of the hepatic vessels and elastography identifies
characteristic signs of the congested liver. Furthermore,
abdominal ultrasonography parameters of liver hypo-
perfusion and congestion in patients had prognostic impact
in HF. Liver stiffness measured by two-dimensional shear
wave elastography was also associated with prognosis in
patients with HFpEF. However, ultrasound signs of con-
gested and hypoperfused liver are not specific for HF. Thus, a
multidisciplinary team is needed for diagnostic assessment
and follow-up in complex patient with HF leading to CH.
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